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SWITCHGRASS YIELD AND QUALITY WITH MULTIPLE FERTILIZER APPLICATIONS 
AND HARVEST DATES 
 
 
Switchgrass (Panicum virgatum L.) is an important native warm-season grass for biomass and 
forage production in the U.S. This research determined the effect of fertilizer type (conventional, 
manure, and biosolids) and rate on switchgrass biomass yield and forage quality. Fertilizers were 
added at 0, 33, 67, 100, and 134 kg N ha-1 on established stands of ‘Kanlow’ switchgrass in three 
northeastern Kentucky counties. Soils across sites ranged from recently cleared forestland (low 
pH, P, and K) to productive cropland (high pH, P and K). Stands were sampled for forage 
nutritive value in June, simulating a hay harvest. Nutritive value and biomass yield were sampled 
in November and March. Results showed a harvest date effect for mean crude protein (CP) of 
8.31% in June and 1.16% November and March.  There was also a harvest effect for biomass 
with a mean yield of all harvests of 16.6 MT ha-1 but a N response at only one site.  In 
conclusion, this study suggested that switchgrass may produce adequate nutritive value for dry 
beef cows in June and fertilizer type and rate may have a limited effect on biomass yields.   
 
 
 
KEYWORDS: Switchgrass (Panicum virgatum), Yield, Quality, Biomass, Fertility  
 
Thomas Clarkson Keene 
 
May 5, 2014 
 
 
 
 
 
 
 
 
 
 
 
 
SWITCHGRASS YIELD AND QUALITY WITH MULTIPLE FERTILIZER 
APPLICATIONS AND HARVEST DATES 
 
 
By  
 
Thomas Clarkson Keene 
 
 
 
 
 
 
 
 
 
 
Dr. S. Ray Smith 
Director of Thesis 
 
Dr. Mark Coyne 
Director of Graduate Studies 
 
May 1, 2014 
 
 
 
 
 
 
  
  
 
 
I would like to dedicate this work to my wife, Margaret (Muggs) and my children; 
Aubrey, ThomasII and Taylor.  Their support, enthusiasm and encouragement saw me 
through this endeavor. 
 
 
ACKNOWLEDGEMENTS 
 
Many individuals were instrumental in this research project.   First, I would like to thank 
Dr. S. Ray Smith who was my primary advisor during this study and whose support 
managed to see this through to fruition.  Secondly, I would like to thank Dr. Glen Aiken 
and his technician Mr. Tracy Hamilton whose help with lab work was invaluable.  I 
would also like to thank Dr. Tim Phillips whose passion and zeal for plant material 
enabled me to appreciate this great plant that is called switchgrass (Panicum virgatum L.) 
and its potential for forage and energy. Lastly, Dr. Ben Goff was instrumental in keeping 
me on task and helping with my statistical work. 
 
I would also like to thank Mr. Randy Hass, Dr. Ralph Hovermale and Mrs. Unadell 
Eldridge for allowing me to use their stands of ‘Kanlow’ switchgrass for my research.   
I would also like to thank a whole host of supporters who helped with everything from 
applying fertilizer, soil sampling, harvesting, grinding, etc.; 
 
Dr. Greg Schwab     Dr. John Grove 
Krista Lea      Gene Olsen 
Gabriel Roberts     David Davis 
Lyndsay Jones     Phillip Shine 
Adam Probst      David Davis 
Laura Schwer      Kenton Sena 
Dr. Frank Sikora     Diane Hunter 
Rhonda Beasley     Julienne Wyrick 
Troy Owens      Shawn Lucas 
Kristen McQuerry     Dr. Mark Coyne 
Mr. Randy Haas (Cooperator, Campbell County) 
Dr. Ralph Hovermale (Cooperator, Nicholas County) 
Mrs. Unadell Eldridge (Cooperator, Rowan County) 
 
 
iii 
 
iv 
 
TABLE OF CONTENTS 
 
Acknowledgements ............................................................................................................ iii 
 
List of Tables ..................................................................................................................... vi 
 
List of Figures ................................................................................................................... vii 
 
Chapter I: Introduction .........................................................................................................1 
 
Chapter II: Literature Review ..............................................................................................3 
2.1 Switchgrass for Energy ......................................................................................4 
2.2 Switchgrass for Forage ......................................................................................6 
2.3 Urea as Fertility Amendment .............................................................................7 
2.4 Chicken Litter as Fertility Amendment .............................................................9 
2.5 Biosolids as Fertility Amendment ...................................................................10 
2.6 Objectives ........................................................................................................14 
 
Chapter III: Materials and Methods ...................................................................................15 
3.1 Site and Site Preparation ..................................................................................15 
3.2 Fertility Applications .......................................................................................16 
3.3 Soil Sampling and Characteristics ...................................................................17 
3.4 Data Collection ................................................................................................23 
3.5 Harvest Technique ...........................................................................................23 
3.6 Statistical Analysis ...........................................................................................25 
 
Chapter IV: Results and Discussion ..................................................................................27 
4.1 Weather Data ...................................................................................................27 
4.2 Yield for Biomass ............................................................................................29 
4.3 Yield for Quality Forage ..................................................................................34 
4.4 Crude Protein (CP) Response ..........................................................................34 
4.5 Acid Detergent Fiber (ADF) Response............................................................38 
4.6 Neutral Detergent Fiber (NDF) Response .......................................................39 
 
Chapter V: Conclusion .......................................................................................................41 
 
Chapter VI: Future Work Needed ......................................................................................43 
 
Appendices 
Appendix A: Plot plans for each experimental site ...............................................44 
Appendix B: Actual mass of fertilizers applied by treatment number ...................45 
Appendix C: Soil sample results for each treatment replication at three experiment 
sites in 2010 ...........................................................................................................46 
Appendix D: Soil sample results for each treatment replication at three 
experiment sites in 2011 ........................................................................................48 
Appendix E: Soil sample results for each treatment replication at three experiment 
sites in 2012 ...........................................................................................................50 
Appendix F: Campbell County mean dry matter in DM tonnes ha-1 .....................52 
Appendix G: Nicholas County mean dry matter in DM tonnes ha-1......................53 
Appendix H: Rowan County mean dry matter in DM tonnes ha-1. .......................54 
Appendix I: Mean Dry Matter (tonnes ha-1) for each treatment at three experiment 
sites ........................................................................................................................55 
Appendix J: CP mean for two years ......................................................................56 
Appendix K: ADF mean for two years ..................................................................56 
Appendix L: NDF mean for two years ..................................................................57 
Appendix M: Precipitation and temperature for each county for 2010, 2011 and 
average. ..................................................................................................................57 
Appendix N: Ariel photographs of each harvest site in Campbell, Nicholas and 
Rowan Counties .....................................................................................................58 
Appendix O: Map of Kentucky counties.  Counties where switchgrass was 
harvested are marked in red.  .................................................................................58 
 
 
References ..........................................................................................................................59 
 
Vita .....................................................................................................................................65 
 
  
  
v 
 
vi 
 
LIST OF TABLES 
 
Table 2.1. Pollutant Limits .................................................................................................12 
 
Table 2.2. Summary of Class A and Class B pathogen reduction requirements ...............13 
 
Table 3.1. Nutrient content of Louisville Green TM biosolid and composted poultry litter 
on a percentage basis .........................................................................................................17 
 
Table 3.2. Soil pH and nutrient levels from 2010 on switchgrass stands managed for 
biomass and forage production in Campbell, Nicholas and Rowan Counties at a 0-10 cm 
and 10-20 cm soil depth. ....................................................................................................20 
 
Table 3.3. Soil pH and nutrient levels from 2011 on switchgrass stands managed for 
biomass and forage production in Campbell, Nicholas and Rowan Counties at a 0-10 cm 
and 10-20 cm soil depth. ....................................................................................................21 
 
Table 3.4. Soil pH and nutrient levels from 2012 on switchgrass stands managed for 
biomass and forage production in Campbell, Nicholas and Rowan Counties at a 0-10 cm 
and 10-20 cm soil depth. ....................................................................................................22 
 
Table 3.5. Statistical data for NIRS calibration .................................................................26 
 
Table 4.1. Crude protein for six switchgrass harvests over two seasons (2010/11 and 
2011/12) from 3 farms in separate counties in northeastern Kentucky. ............................35 
 
Table 4.2. ADF for six switchgrass harvests over two seasons (2010/11 and 2011/12) 
from 3 farms in separate counties in northeastern Kentucky .............................................37 
 
Table 4.3. NDF for six switchgrass harvests over two seasons (2010/11 and 2011/12) 
from 3 farms in separate counties in northeastern Kentucky .............................................39 
 
 
  
LIST OF FIGURES 
 
Figure 3.1. Cutting 1m2 grid of switchgrass. Grinding subsample. Ground subsample. 
Plots after harvest. ..............................................................................................................25 
 
Figure 4.1. Average (1980-2010) annual temperature and average temperature for 2010 
and 2011 growing seasons for all three experimental sites ................................................28 
 
Figure 4.2. Average (1980-2010) annual precipitation and average precipitation for 2010 
and 2011 growing seasons for all three experimental sites ................................................28 
 
Figure 4.3. Campbell County switchgrass yield response (DM tonnes ha-1) for November 
and March harvests in 2010/11 and 2011/12.  ...................................................................29 
 
Figure 4.4. Nicholas County switchgrass yield response (DM tonnes ha-1) for November 
and March  harvests in 2010/11 and 2011/12. ...................................................................30 
 
Figure 4.5. Rowan County switchgrass yield response (DM tonnes ha-1) for November 
and March harvests in 2010/11 and 2011/12.  ...................................................................30 
 
Figure 4.6. Switchgrass yield response (DM tonnes ha-1) for Campbell, Nicholas and 
Rowan Counties for November and March harvests in 2010/11 and 2011/12. .................31 
 
Figure 4.7. Campbell County switchgrass yield response over three fertility treatments 
(urea, biosolids, chicken litter) combined over November and March harvests in 2010/11 
and 2011/12. .......................................................................................................................33 
 
Figure 4.8. Campbell County switchgrass CP response over three fertility treatments 
(urea, biosolids, chicken litter) combined over November and March harvests in 2010/11 
and 2011/12. .......................................................................................................................37 
 
vii 
 
Chapter I: Introduction 
  
Global population (currently over 7 billion) is projected to reach 9 billion by 2050 
(UN, 2009). This burgeoning global population will require increases in both the 
production of food and energy.  Land use change from agricultural land used for food 
production converted into bioenergy agriculture poses a significant threat to global food 
security (Boddiger, 2007). 
 In order to fill these needs, a coordinated and systematic energy and food 
portfolio will need to be established and implemented. In the United States, fossil fuels 
account for over 81% of the energy used (Energy Information Administration, 2012) and 
renewable sources of energy account for only 8% of the 19% of the remaining energy 
consumed (i.e. water, wind, solar and biomass). Concerns over global warming and 
climate change will mandate the production of renewable energy crops to reduce the 
depletion of fossil fuels, especially in the United States. 
Several crops have been proposed and analyzed for commercial renewable energy 
farming.  Some of these crops include sorghum (Sorghum bicolor L.), sugarcane 
(Saccharum officinarum L.), residue crops such as corn (Zea mays L.) and wheat  
(Triticum aestivum L.) stover, perennial grasses and herbaceous plants as well as woody 
species.   Switchgrass (Panicum virgatum L.), a native perennial grass to Kentucky,  was 
originally found from central Canada to northern Mexico and from the Atlantic Coast to 
the front range of the Rocky Mountains (Casler et al., 2004).  It is an important C4 warm 
season grass that can be utilized for both energy and forage production in the U.S.   
Based on a series of evaluation trials, the US Department of Energy has identified 
switchgrass as the most promising species for development into an herbaceous biomass 
fuel crop (Vogel, 1996).  As a multipurpose crop, it can also be used as a forage or hay 
crop that can be utilized by ruminant animals.  The versatility of switchgrass species 
makes it an ideal species for growth in Kentucky.  The Kentucky Agricultural 
Development Board commissioned the University of Kentucky Plant and Soil Science 
Department to conduct a “switchgrass for biomass” project in 2007 that would utilize the 
switchgrass to be co-fired with coal to generate electricity.  The project established 2 ha 
plots on 20 farms in 12 northeastern Kentucky counties.  The harvested material was 
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burned with coal at the East Kentucky Power Co-op facility near Maysville, KY (Smith 
et al., 2008). The cooperating farms were situated within a 100 km radius of the power 
plant. 
  The wide area of adaptation for switchgrass and its ability to produce large 
quantities of biomass on marginal or highly productive soils makes it ideally suited for 
Kentucky.  Data from Debolt et al. (2009) showed that utilizing Kentucky’s marginal 
land to grow native C4 grasses for cellulosic ethanol and co-firing with coal to generate 
electricity may account for up to 13.3% and 17.2% of the state’s 2 trillion MJ of energy 
consumed each year. 
If renewable energy crops like switchgrass are to produce enough energy to meet 
societal demands at low economic cost, researchers will need to develop systems that 
maximize yields at minimal input costs.   This research was designed to determine if 
organic forms of fertilizer can be used to produce equal or greater yields than inorganic 
fertilizer such as urea (46-0-0).  Urea was chosen as the source of inorganic N because 
the traditional form of N, ammonium nitrate (33-0-0), is no longer widely available.  
Urea has several advantages in comparison to ammonium nitrate including being less 
explosive, safer to store on farm, and easier application because it is a more concentrated 
form of N. 
The organic forms of nitrogen that were used in this study were composted broiler 
chicken litter and processed biosolids (sewage sludge).  Animal manure and human waste 
have long been used as fertility amendments throughout the course of human history.   
The large availability and low costs of these types of fertility amendments makes them 
ideal for farmers, especially when poultry houses or wastewater treatment plants are 
located relatively close to their own farming operations.   This experiment was conducted 
at three sites in northeastern Kentucky on soils that ranged from marginal cleared 
forestland to river bottom soils utilized for corn and soybean production and slopes 
ranging from 2 to 12%.  
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Chapter II: Literature Review 
 
 Kentucky farmers, like farmers nationwide, have always sought opportunities to 
find multiple income streams for their agricultural operations.    While crops like tobacco 
(Nicotiana tabacum L.), corn and soybeans (Glysine max L.) require productive, well 
drained soils, Debolt et al. (2009) found that 21% of Kentucky land mass was accounted 
for as “marginal” land.  These marginal acres are well suited for growing forages and 
renewable energy crops and switchgrass is ideal because it can be used for both purposes.  
Switchgrass is a native warm season perennial C4 plant that can be grown on/in a variety 
of soils, slopes and climates.  It can also be grown on reclaimed strip mine lands and 
there are many of these in eastern and western Kentucky.  Xia et al. (2013) estimated that 
there are about 300,000 hectares of abandoned coal mine land in Kentucky.  Not only can 
switchgrass provide benefits as a forage or energy, McLaughlin and Walsh (1998) state 
that switchgrass  can also reduce atmospheric carbon, increase soil carbon, reduce soil 
erosion,  improve soil and water quality and increase native wildlife habitat.  Most 
importantly, switchgrass has the potential to produce an income stream for Kentucky 
farmers.  
  Switchgrass produces large quantities of biomass both above and below ground; 
root systems have been measured 3.3 meters deep (Weaver, 1968) while above ground 
growth has been observed over 3 meters. The inflorescence is a diffuse panicle with 
spikelets that contain one fertile floret and one staminate floret (Moser and Vogel, 1995). 
Cassida et al. (2005) stated that switchgrass cultivars can be classified morphologically as 
lowland (tall, coarse stems, adapted to poor drainage) and upland (short, fine stems, good 
drought tolerance) while physiological ecotype is determined by latitude of origin 
(broadly classified as northern or southern). 
 It is important that farmers use cultivars that originated in similar latitudes 
because these cultivars will be the most adapted to their local climate and conditions.  
The latitude of origin has a large impact on switchgrass yield potential and ability to 
survive extreme environments (Casler et al., 2004): lowland ecotypes from southern 
latitudes have higher yield potential than upland ecotypes from the north, but are not as 
cold tolerant (Adler et al., 2006). 
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 Attributes of lowland ecotypes include high biomass yields, reduced dry matter 
concentrations, longer retention of photosynthetically active tissue, and a longer growing 
season.   Upland ecotypes are generally associated with better cold tolerance, higher 
survival rates, more sustained biomass production and increased stand longevity.  Fike et 
al. (2006a) reviewed a ten year study in western Virginia comparing upland ecotypes 
Cave-In-Rock and Shelter to lowland ecotypes Alamo and Kanlow. His results showed 
that Kanlow was the most robust across the mid-south region under low input 
management schemes.   Results from field trials in Kentucky have shown that Kanlow 
has equivalent yields to Alamo (Fike et al., 2006a), but Alamo occasionally suffers 
winterkill in the state (Olson et al., 2009). 
 
2.1 Switchgrass for Energy 
  
 Fike et al. (2006b) said “Switchgrass has an enormous potential for renewable 
herbaceous biomass in North America”.  Sanderson and Adler (2008) found that second 
generation biomass crops such as switchgrass are considered to be the future of a national 
bioenergy industry.    Some of the most important parameters that make switchgrass ideal 
for energy production include low input and production cost and adaptation to a wide 
range of growing conditions (Sanderson and Adler, 2008). Vogel et al. (2002) reported 
that 168 kg N ha-1 produced optimum yields for Alamo switchgrass.  Work done by 
Casler et al. (2004) showed that lowland switchgrass cultivars and ecotypes managed for 
biomass produced 15.0, 9.8, and 19.2 Mg ha-1 when fertilized with 112 kg N ha-1 in 
Oklahoma, Kansas, and Nebraska, respectively.  Other statewide and regional studies 
show varying results with nitrogen applications in terms of yield. Lemus et al. (2008) 
found that there was no significant harvest difference with first year treatment of 
nitrogen.   McLaughlin and Walsh (1998) suggested that there would be many 
environmental benefits with increased utilization of switchgrass as a renewable energy 
crop.  The three most significant benefits that they reported were improved soil 
conservation, improved energy gain and decreased emissions of carbon dioxide.  
Combustion of biomass with coal referred to as co-firing is technically feasible 
but the economics remain challenging as biomass feedstock as they are more costly than 
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coal to generate electricity (Moore et al., 2008). Renewable energy crops such as 
switchgrass can be utilized as combustible biomass or it can be processed into liquid 
transportation fuels such ethanol or butanol.  This study is only concerned with the 
combustible aspect of the biomass but the economics are currently the same for the 
biofuels component. 
Tillman (2000) describes there being three general techniques that comprise 
cofiring technology; blending the biomass and the coal prior to entering the boiler, 
preparing the biomass separately and injecting into the boiler without affecting the coal 
delivery, and gasifying the biomass with subsequent combustion.  The material in this 
study was blended with the coal prior to entering one of the two fluidized bed boilers at 
the East Kentucky Power Plant near Maysville, KY.  
In the final report by Solow et al. (2005) of the Chariton Valley Biomass Project 
they showed that by substituting 90,720 MT tons of coal with btu equivalent amount of 
switchgrass,  NOx would be increased by 9.25 MT per year but SOx would be decreased 
by 406.43 MT per year and CO2 reduced by 246,917 MT per year. 
Fales et al. (2007) reported that current biofuel production in the United States 
relies primarily on corn grain conversion to ethanol but future systems are expected to 
depend more extensively on plant biomass as a feedstock.  The report also stated that a 
new energy strategy must include maximizing the capture and use of light and CO2 
available on every unit of arable land.  This confirms that energy production is not only 
possible but needed as we move to replace the consumption of fossil fuels.  
Biomass, defined by Perlack et al. (2005) includes all plant and plant derived 
materials including animal manure, not just starch, sugar, oil crops already used for food 
and energy.  Production of large scale biomass crops will be complicated. Wood products 
and materials such as annual crop residues will all contribute to the renewable energy 
portfolio but perennial herbaceous crops such as switchgrass can contribute as much or 
more to the whole renewable energy picture.   
Establishment, production, harvesting and storage will all be concerns for farmers 
if switchgrass becomes a major biomass crop.  Moisture of the plant material at harvest 
will be a major concern.  Lewandowski and Kicherer (1997) showed that biomass should 
be delivered to a combustion power plant at 23% moisture or below.  Moisture above 
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23% affects the combustion process and the stability during storage.  This moisture level 
is very attainable to Kentucky farmers who want to harvest biomass either in the late fall 
or spring.  Research harvests in Kentucky have shown that these moisture levels can be 
manageable in the fall (Nov.) harvest field drying similar to hay production and spring 
(March) harvests can be baled immediately upon cutting as long as there is no snow or 
ice in the material and it is standing dry in the field.  
While grasses such as switchgrass are acceptable in the biomass market, grass 
biofuels contain three to five times more ash than wood (42-66 vs. 11-25 g kg-1), 
respectively, (Burvall, 1997, Obernberger et al., 1997, Olanders and Steenari, 1995). Ash 
contains the elements potassium (K), chlorine (Cl) and nitrogen (N) which can have a 
corrosive effect on combustion boilers.  
 
2.2 Switchgrass for Forage 
 
Most of Kentucky’s pasture and hay production is based on tall fescue 
(Schedonorus arundinacus (Schreb. Dumort.)) and other cool season grasses such as 
orchardgrass (Dactylis glomerata L.) and Kentucky bluegrass (Poa pratensis L.).  This is 
extremely important because Kentucky is the largest cattle producing state east of the 
Mississippi River.   The cheapest way to raise cattle is on pasture and locally produced 
hay.  While this cool season forage system works well in the spring, fall and early winter, 
it is not usually productive during the hot summer months or during the winter months.  
During the summer months of late June, July, August and sometimes early September,  
tall fescue and other cool season grasses slow down forage production and occasionally 
become completely dormant.  Farmers sometimes refer to this as the “summer slump” 
period.  During this time period, it is often necessary to supplement cattle and other 
livestock with hay or other feedstuffs (Ball et al., 2007). Switchgrass (and other warm 
season grasses) have the capability to fill in the “summer slump” period and supplement 
or mitigate the loss in forage production. 
Research conducted at the University of Tennessee (Keyser et al., 2012a), showed 
that 272 kg stockers maintained a 1.00 kg average daily gain (ADG) when grazing 
switchgrass in a 30 day trial.  The same study showed that when the grazing period was 
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extended to 74 to 95 days, the animals performed at 0.75 kg ADG.  Even though the 
longer grazing period showed reduced animal production, the ADG was still higher than 
typical infected tall fescue pasture during the summer months. Hoveland et al. (1983) 
reported stocker ADG in Alabama on infected tall fescue pastures to be 0.454 kg day -1. 
In a three year study, work conducted by Burns et al. (1984) saw ADG on switchgrass to 
be 0.96 kg day -1on yearling steers. 
Switchgrass is an excellent grazing forage but it can also be harvested for hay to 
feed cattle or other livestock.   However, it takes a different management scheme than 
cool season grass species.   Tall fescue and other cool season grasses can be cut at low 
heights (5-10 cm) and regrow quickly. Switchgrass should be cut at a height of 16 -20 cm 
(Fike et al., 2006a) for adequate regrowth and stand survival,  but can be cut at 7- 10 cm 
at end of season harvests such as November or March. 
Keyser et al. (2012b) at the University of Tennessee showed that when harvested 
for hay using  a two cut system Alamo switchgrass yielded 8.74 MT ha-1 with the 
addition of 54kg of N ha-1 (split application, 27 kg at green up and 27 kg following the 
first cutting).  Without a nitrogen application, the yield was 6.72 MT ha-1.  Crude protein 
levels for the first cutting were 7.5% and 9.1% (0 kg N ha-1 & 134 kg N ha-1) and 7.3% 
and 9.1 % (0 kg N ha-1 & 134 kg N ha-1) for the second cutting.  These protein levels 
were sufficient for feeding a mature beef cow in her first or second trimester of 
pregnancy (NRC, 2000) 
The University of Kentucky variety trial from 2003 to 2009 in Lexington, KY 
showed annual yields of Alamo switchgrass ranged from 4.5 to 26 MT ha-1 with an 
average of 11.9 MT ha-1 (Olson et al., 2009).  In this trial 67 kg ha-1 of N was applied at 
initial green up each spring and P, K and pH were maintained soil test recommendations.  
 
2.3 Urea as Fertility Amendment 
                
The addition of inorganic nitrogen (N) fertilizers such as urea (46-0-0) has long 
been known to increase yields of most herbaceous and grain crops and higher yields can 
mean lower per unit input costs, thus increasing profitability.  This increase in production 
has led to the ever increasing use and utilization of commercial nitrogen sources.    
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Inorganic N, especially in the form of urea and anhydrous ammonia and ammonium 
nitrate became more readily available to farmers with the development of the Haber –
Bosh process in the early 1900’s.   Inorganic N is readily taken up by plant roots and is 
available as soon as it moves into the soil profile.   However, inorganic N does not 
remain in the soil for very long and it is mobile.  Large rainfall events that may occur 
soon after an N application will cause leaching through the root zone into the water table 
or applied N can move laterally from the soil surface into streams and rivers and 
eventually into the Gulf of Mexico.  Gobler et al. (2002) reported that this excess N 
provides favorable conditions for excessive growth of algae that utilize the water’s 
oxygen supply for respiration and when decomposing deplete oxygen levels for fish and 
other aquatic wildlife.  
 Urea as a N fertilizer or soil amendment has some distinct advantages over other 
N sources.   It is less explosive than ammonium nitrate (although urea mixed with nitric 
acid can be explosive) and its storage is considered much safer.  Urea can be utilized as a 
solid or liquid and is more cost effective for transportation purposes.  Ease of application 
of the granular form makes it convenient for producers.  Because of its high nitrogen 
content, it is usually cheaper on a per unit N basis, thus lowering input costs.  When 
producing switchgrass for a renewable energy crop, urea would typically be added when 
the plant begins to produce new vegetation in the spring following winter dormancy, 
typically during early April in Kentucky.  For producers interested in a two cut hay 
production system nitrogen should be applied in a split application.  The second 
application should occur after the first harvest typically during late June (Keyser et al., 
2012b). Topdressing in late June can sometimes lead to volatilization.  Schwab and 
Murdock (2010) reported that there were three types of products being marketed to 
improve nitrogen efficiency:  nitrification inhibitors, urease inhibitors (to minimize 
volatilization of the ammonia in the urea) and controlled release fertilizers (such as 
products that are sulfur coated).   These products are designed to conserve nitrogen and 
should be targeted for individual situations.  
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2.4 Chicken Litter as Fertility Amendment 
 
Poultry litter is a common byproduct in many areas of the eastern and central 
United States.  Poultry species include but are not limited to chickens, turkeys, ducks, 
geese, etc.  The most commonly available poultry litter is chicken litter and the material 
used in this research was composted chicken litter.   In chicken production, the two types 
of animals produced are broilers (those used in meat production) and layers (those 
animals used to produce the eggs for the broilers).   In the United States, between 1982 
and 1992 broiler production increased 59% with a corresponding increase in manure and 
other residual materials (NRCS, 1995).   The large amount of chicken litter produced in 
the USA each year could become a major source of nutrients for energy crops such as 
switchgrass.  In 2011, the state of Kentucky produced 310 million broilers (USDA, 2012) 
with a value of 794 million dollars.    
 Poultry litter is a combination of the manure produced by the animals and the 
bedding material used in the housing process.  The nutrient concentration of the litter will 
vary depending on what type of bedding is used and the feeding regiment for the broilers.  
The different types of bedding materials include but are not limited to rice hulls, sawdust, 
wood shavings, shredded paper, etc. (Espinoza et al., 2005). Before applying chicken 
litter to fields, famers should always submit a sample for testing to determine the fertility 
value of the material. 
 Poultry litter also contains all 13 of the essential plant nutrients that are used by 
plants.  These include (N), phosphorus (P), potassium (K), calcium (Ca), magnesium 
(Mg), sulfur (S), manganese (Mn), copper (Cu), zinc (Zn), chlorine (Cl), boron (B), iron 
(Fe) and molybdenum (Mo) (Chastain et al., 2003). 
Eghball et al. (2002) showed that with decomposed chicken litter 55% of the N is 
typically available to plants in the first year of application and that 45% of the N is 
available in subsequent years.   To maximize yield when using chicken litter as a 
fertilizer source, timing of application should be coordinated with the growth pattern of 
the desired species.   Espinoza et al. (2005) reported that mineralization of organic 
component of N occurs quickly, usually within the first two to four weeks of application.   
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Best management practices (BMP’S) suggest that chicken litter should be 
mechanically incorporated as soon after application as possible.  In this study, the 
material was surface applied by hand and not incorporated.    In work done by Rasnake 
(1996) in Kentucky, the addition of 22.4 MT ha-1 of broiler litter produced up to 20.2 MT 
ha-1 of hay equivalent yield from Bermudagrass (Cynodon dactylon L.). The litter was 
applied in May and the grass was cut 3 times during the summer. Rasnake (1996) 
concluded that broiler litter is best used with crops such as corn and grass that can utilize 
N efficiently.  
 
2.5 Biosolids as Fertility Amendment 
  
With the increased cost of commercially produced fossil fuel derived fertilizers, it 
is imperative that other sources of fertilizers are developed for renewable energy crops.   
Crops such as corn and soybeans rely heavily on these fossil fuel types of fertilizers and 
can justify their use by a significant increase in production from their use.  Renewable 
energy crops such as switchgrass will need to use cheaper, alternative sources of fertilizer 
to increase their yields.  Processed biosolids (sewage sludge) provide another opportunity 
to explore as alternative fertilizer source for switchgrass.   Land applied biosolids takes 
place in 50 states.   Kresse and Naylor (1987) have reported that biosolid treated plots 
produced corn yields equivalent to those to which commercial fertilizer was applied. 
 Municipal biosolids originate from waste water treatment facilities located in 
metropolitan areas around the country.  They treat the wastewater to a point that allows 
the water to re-enter the surface or ground water while removing the dissolved and 
suspended solids.  These dissolved or suspended solids are now referred to as biosolids 
(formerly sludge or sewage sludge).  Raw biosolids are 2-3% solids and 97 to 98% water.  
This “solid” material must then be treated further before it can be applied on any type of 
crop.  Before being applied the material must be classified as “A” or “B” according to 
pathogen reduction (Table 2.2).  Federal regulations mandate that the material be 
disposed of by three methods; placed in a regulated landfill, incinerated or recycled 
through the application to soil.  
10 
 
 Louisville GreenTM is a heat dried biosolid produced and bagged in Louisville, 
KY.  The product is pelleted for convenience and transport.  It complies with all 
regulations contained in the EPA Part 503 Rule (Walker et al., 1994) regarding levels of 
heavy metals and bacteria content. EPA Guide to Part 503 Rule states that biosolids 
applied to the land must meet risk based pollutant limits specified in Part 503.  All 
biosolids applied to the land must meet the ceiling concentrations for pollutants listed in 
table 2.1.
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All biosolids applied to the land must fall into two categories; Class A or Class B 
pathogen requirement.  That determination is summarized in Table 2.2. 
 
Table 2.2. Summary of Class A and Class B pathogen reduction requirements. 
 
CLASS A 
In addition to meeting the requirements in 
one of the six alternatives listed below, fecal 
coliform or Salmonella sp. Bacteria levels 
must meet specific density requirements at 
the time of biosolids use or disposal or when 
prepared for sale or give away (see Chapter 
Five of this guidance) 
 
Alternative 1: Thermally Treated Biosolids 
Use one of four time-temperature regimens 
 
Alternative 2: Biosolids Treated as a High 
pH-High Temperature Process 
Specifies pH, temperature, and air-drying 
requirements 
 
Alternative 3: For Biosolids Treated in 
Other Processes 
Demonstrate that the process can reduce 
enteric viruses and viable helminth ova. 
Maintain operating conditions used in the 
demonstration. 
 
Alternative 4: Biosolids Treated in 
Unknown Processes 
Demonstration of the process is 
unnecessary. Instead, test for pathogens-
Salmonella sp. Or fecal coliform bacteria, 
enteric viruses, and viable helminth ova-at 
the time  the biosolids are used or disposed 
of or are prepared for sale or give away 
Alternative 5: Use of PFRP Biosolids 
are treated in one of the Processes to 
Further Reduce Pathogens (PFRP) 
(see Table 5-4) 
 
Alternative 6: Use of a Process 
Equivalent to PFRP 
Biosolids are treated in a process 
equivalent to one of the PFRP's as 
determined by the permitting authority 
 
CLASS B 
The requirements in one of the three 
alternatives below must be met 
 
Alternative 1: Monitoring of 
Indicator Organisms 
Test for fecal coliform density as an 
indicator for all pathogens at the time 
of biosolids use or disposal 
 
Alternative 2: Use of PSRP 
Biosolids are treated in one of the 
Processes to Significantly Reduce 
Pathogens (PSRP) (see table 5-7) 
 
Alternative 3: Use of Processes 
Equivalent to PSRP 
Biosolids are treated in a process 
equivalent to one of the PSRP's, as 
determined by the permitting authority 
 
Biosolids have been used for centuries to fertilize. Present day regulations guide 
end users as to what class of biosolids they can use on their particular farming operation.  
Using this product rather than depositing in a landfill or incineration allows farmers to 
return these nutrients and organic matter to the soil. Concerns that heavy metals may 
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accumulate during prolonged applications of biosolids (> 6 YR) was dispelled by Gaskin 
et al. (2003) whose study indicated that toxic levels of metals have not accumulated in the 
soil.  
Through centuries of production agriculture, farmers have come to realize the 
value of organic sources of N including biosolids.  Biosolids can help to increase yield 
and organic matter which improves soil productivity.  It is important to understand that 
municipal biosolids today have been treated to reduce or eliminate disease pathogens and 
organisms and are safe to use in renewable energy crops such as switchgrass.  
 
2.6 Objectives 
The objective of this study was to determine the effect of N fertilizer type (urea, 
broiler chicken litter, processed biosolids) and rate on switchgrass biomass yield and 
nutritive value.  
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Chapter III: Materials and Methods 
 
3.1 Site and Site Preparation 
 
 This trial was conducted on three separate cooperator farms in Campbell, 
Nicholas and Rowan Counties in east Central Kentucky.  An on-farm study was chosen, 
so that results obtained would better simulate farmers’ actual results as the market for 
renewable energy crops develops in the future.   On each of these farms, 2 hectares of 
Kanlow switchgrass had been established in 2008.  In each field, a uniform area of the 
stand was located and an experimental plot of 27.43 by 18.28 meters was initiated. This 
experiment had 15 treatments with four replications organized in a randomized complete 
block design (RCBD).  Each individual treatment plot size was 1.83 by 3.65 meters. Plots 
were split in half to allow for the fall harvest and spring harvest with subplots of 1.83 by 
1.83 meters. Harvests were made in a split block rotation.   
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3.2 Fertility Applications 
 
The fertility treatments were applied on 6 May 2010 in Rowan County and on 7 
May 2010 in Campbell and Nicholas counties.  The following year the fertility treatments 
were applied on 10 May 2011 in Campbell County and 11 May 2011 in Nicholas and 
Rowan counties.  At the time of the first fertility treatment in both years of the study, the 
plant material was approximately 30 to 45 cm tall. The individual treatments are listed 
below: 
1) Check Plot – No fertility or amendments applied 
2) 33 kg N ha-1 applied as urea fertilizer (46-0-0) 
3) 67 kg N ha-1 applied as urea fertilizer (46-0-0) 
4) 100 kg N ha-1 applied as urea fertilizer (46-0-0) 
5) 134 kg N ha-1 applied as urea fertilizer (46-0-0) 
6) 33 kg N ha-1 (on per weight basis) applied as composted chicken litter 
7) 67 kg N ha-1 (on per weight basis) applied as composted chicken litter 
8) 100 kg N ha-1 (on per weight basis) applied as composted chicken litter 
9) 134 kg N ha-1 (on per weight basis) applied as composted chicken litter 
10) 134 kg N ha-1 (on per weight basis) applied as composted chicken litter (only 
applied in initial year) 
11) 33 kg N ha-1 (on per weight basis) applied as biosolids (Louisville Green) 
12) 67 kg N ha-1 (on per weight basis) applied as biosolids (Louisville Green) 
13) 100 kg N ha-1 (on per weight basis) applied as biosolids (Louisville Green) 
14) 134 kg N ha-1 (on per weight basis) applied as biosolids (Louisville Green) 
15) 134 kg N ha-1 (on per weight basis) applied as biosolids (Louisville Green)  
(only applied in initial year) 
 
Three different forms of nitrogen fertility amendments were used for the treatments 
included in this research; chemical urea fertilizer (46-0-0), composted broiler chicken 
litter and a processed, pelleted biosolid, Louisville GreenTM.   Samples of both the 
biosolids and the chicken litter were sent to the University of Kentucky Regulatory 
Services laboratory each year of the study for analyses. Calculations for nitrogen 
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treatments were formulated using the “total nitrogen” component generated by the UK 
laboratory.  While nitrogen was the primary nutrient that the study considered, other 
macro and micro nutrients were included in the Louisville Green and the chicken litter as 
described below in table 3.1.   
 
Table 3.1.  Nutrient content of Louisville Green biosolid and composted poultry litter 
on a percentage basis.  
 
Louisville Green Poultry Litter 
 2010 2011 2010 2011 
Nutrient ---------------------------------------% DM--------------------------------
 
Total Nitrogen 6.57 6.48 2.85 3.02 
Available 
Phosphate 2.9 3.16 1.96 2.7 
Soluble Potash 0.54 0.37 3.03 3.6 
Water Insoluble 
Nitrogen 5.33 5.67 1.27 1.63 
Calcium 2.66 2.35 1.89 2.09 
Magnesium 0.47 0.4 0.61 0.74 
Copper 0.02 0.02 0.03 0.04 
Iron 0.76 0.69 0.2 0.21 
Manganese 0.02 0.02 0.05 0.06 
Molybdenum 0.0008 0.0009 0.0004 0.0004 
Zinc 0.04 0.04 0.05 0.06 
 
3.3 Soil Sampling and Characteristics 
 
Soil samples were collected from each replication at each of the three sites prior 
to the application of treatments; Campbell County and Nicholas County on 5 May 2010 
and Rowan County on 6 May 2010. 
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The Campbell County site was a previous tall fescue pasture/ hay field which had 
been cut annually for hay for more than five years prior to establishing the switchgrass 
plots in 2008.  The soil was a Faywood silt loam, with a six to twelve percent slope. The 
Faywood series is characterized by moderately deep, well-drained soil formed in 
residuum of limestone interbedded with thin layers of shale. Permeability is moderately 
slow to slow. Slopes range from 2 to 60 percent. Average annual precipitation is about 
112 cm. The average annual temperature is 12.3oC. (USA.com, 2014). The elevation at 
that site is 250 meters above sea level. 
The Nicholas County site was previously wooded with scrub trees such as black 
locust (Robinia pseudoacacia L.), hackberry (Celtis occidentalis L.) and box elder (Acer 
negundo L.). It consisted of an Eden flaggy silty clay with six to twenty percent slope 
(severely eroded). The Eden series consists of moderately deep, well drained, slowly 
permeable soils that formed in residuum from interbedded calcareous shale, siltstone, and 
limestone. These soils are on hillsides and narrow ridgetops with slopes ranging from 2 to 
70 percent. Mean annual temperature is about 12.6oC and mean annual precipitation is 
110 cm (USA.com, 2014). The tree species were removed via bulldozer operation in 
2007 and the switchgrass plots were established the next year.  The elevation at that site 
is 280 meters above sea level. 
The Rowan County site was a river bottom that had been in corn production for 
several years prior to the switchgrass establishment.  It consisted of Whitley silt loam, 
terrace with two to six percent slope.  The Whitley series is characterized by very deep, 
well drained, moderately permeable soils on stream terraces, foot slopes and alluvial fans. 
They formed in mixed alluvium weathered from siltstone, shale and sandstone. Slopes 
range from 0 to 12 percent.  The annual mean temperature is 12.2oC with the annual 
mean precipitation being 117 cm (see Figures 5.1 and 5.2).  The elevation at that site is 
238 meters above sea level. 
Switchgrass had previously been established at each of these sites in 2008. 
‘Kanlow’ seed was drilled into existing sod with a Truax drill.  Prior to planting plots had 
been sprayed with RoundupTM at least twice.  Seeding rate was 11.2 kg ha-1 of pure live 
seed.  
18 
 
In May 2010, prior to the first treatment application, one core was taken from 
each plot at a depth of 0 to 10 cm.  These fifteen cores in each replication were mixed 
together in a plastic pail and submitted to the University of Kentucky Regulatory 
Services Laboratory for analysis.  Correspondingly, another core was taken from each 
plot at a depth of 10 to 20 cm in the exact same site within the plot.  These cores within 
the corresponding depths were then mixed together in a plastic pail and then submitted to 
the same laboratory for analysis.  Soil samples were collected again in March 2011 
(between the first and second season of this experiment) using the same collection 
procedure.  Campbell County samples were collected on 3 March 2011, Nicholas County 
samples were collected on 2 March 2011 and Rowan County samples were collected on 
18 March 2011.  The final soil samples were collected in March of 2012 (at the 
conclusion of the experiment after final harvests had been completed).  The Campbell 
County samples were collected on 6 March 2012, the Nicholas County samples were 
collected on 8 March 2012 and the Rowan County samples were collected on 7 March 
2012.  The results of these soil tests are shown in Tables 3.2, 3.3 and 3.4 and the mean of 
the soil samples from all four replications. 
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3.4 Data Collection 
 
Six harvests were made at all three experimental sites.  The dates for the initial 
nutritive value harvest were as follows: 11 June 2010 for Rowan and Nicholas County 
and 14 June 2010 for Campbell County.  The following year the harvest dates were 14 
June 2011 for Nicholas and Rowan County sites and 16 June 2011 for Campbell County 
plot.  The harvests were analyzed for the forage nutritive value parameters such as crude 
protein (CP), acid detergent fiber (ADF) and neutral detergent fiber (NDF).   These 
estimates were also used to determine relative feed value (RFV). 
 The first biomass harvests were taken in November and March of each year and 
yield and forage nutritive value were measured.  The first harvests started 9 November 
2010 in Campbell County, 11 November 2010 in Nicholas County and 17 November 
2010 in Rowan County.  The dates for the second harvest were 2 March 2011 in Nicholas 
County, 3 March 2011 in Campbell County and 18 March 2011 in Rowan County.  The 
dates for the third harvest were 17 November 2011 in Campbell and Nicholas counties 
and 18 November 2011 in Rowan County.  The fourth and final harvests for yield and 
nutritive value were 6 March 2012 in Campbell County and 7 March 2012 in Nicholas 
and Rowan counties. 
 
3.5 Harvest Technique 
 
The June harvests (2010 and 2011) were collected solely for the purpose of 
evaluating forage nutritive value.  No yield measurements were taken at that time because 
nutritive value for beef cattle was the only parameter considered for a summer harvest.  
In the middle of each sub-plot, a grab sample of approximately 500 g of fresh material 
was harvested at a height of 15 cm with a rice knife.  Material collected was 
approximately 150 to 180 cm in height and included green leafy material.  The material 
was dried in a forced air dryer at 60oC for a period of 72 hours.  Once  the plots had been 
harvested at all three sites and dried, samples were ground in a Thomas Wiley Mill 
(Thomas Scientific, Swedesboro, NJ ) grinder to pass a 4 mm screen and then reground 
through a UDY Cyclone Sample Mill (UDY Corporation, Fort Collins, CO) to pass a 
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1mm screen. Each sample was placed in quartz rings and reflectance spectra scanned 
using a Foss 6500 Near Infrared Reflectance Spectroscopy (NIRS) autosampler (Foss, 
Inc., Hillderod, Denmark) and ISIscan software (Infrasoft International, L.L.C., State 
College, PA).  
  For the November and March harvests, a three sided one m2 grid, constructed of 2.5 
cm PVC pipe with 10 cm legs at each corner, was placed inside the center of each 
subplot.    The plant material was then gathered into a shock type bundle by one 
individual while another individual used a Stihl HS 45 (Stihl, Inc. Virginia Beach, VA) 
gas powered hedge trimmer to cut the material 10 cm above the soil surface.  The 
material was then carried to an on-site staging area where a total wet weight was 
recorded.  A representative grab sample of material weighing approximately 1 kg was 
shredded into a brown paper bag with a Del Morino G107d (Del MorinoS.r.l., 
CapreseMichalangelo, Italy) power unit with a CARAVAGGI (CARAVAGGI S.r.l., 
Pontoglio, Italy) shredder attachment.   Paper bags of the shredded material were placed 
inside a forced air dryer at 60oC for a period of 72 hours.  After drying the grab samples, 
they were placed into a plastic five gallon pail and mixed thoroughly.  A subsample of 
approximately 50 g was ground through a Thomas Wiley grinder with a four mm screen 
and then reground through a Udy Cyclone Mill Grinder with a one mm screen.   The 
samples were placed in quartz rings and analyzed with a Foss 6500 Near Infrared 
Spectroscopy autosampler.  
The March harvests differed from the November harvests because some of the 
switchgrass had lodged over the winter.  There was a higher percentage of lodging in 
March 2012 likely due to record rainfall amounts the previous year and added snow 
cover.  This made harvest more difficult as gathering the material required a great deal of 
effort.  The hand harvesting technique allowed for total collection of all plant material 
even with the significant lodging.   Lodging would create a major production issue for 
producers because commercial hay harvesting equipment is not designed for severely 
lodged stands. 
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Figure 3.1. Cutting 1 m2 grid of switchgrass (top left). Grinding subsample (top right). 
Ground subsample (bottom left). Plots after harvest (bottom right).  
 
3.6 Statistical Analysis 
 
This study was conducted at three individual sites in northeastern Kentucky 
(Campbell, Nicholas and Rowan Counties).  The experimental layout was a split-plot 
design.  The whole plot was a randomized complete block design with a four by four 
factorial.   Analysis on yield was investigated using the PROC GLM procedure of SAS 
9.3 (Cary, NC).   Four harvests at each site were explored.  The harvests included two 
November harvests (2010 and 2011) and two March harvests (2011 and 2012). 
Nutritive value parameters (CP, ADF and NDF) were also investigated using the 
PROC GLM procedure of SAS 9.3.  Six harvests at each site were explored.  These 
harvests included two in June (2010 and 2011) two in November (2010 and 2011) and 
two in March (2011 and 2012).  
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The single year application of chicken litter and biosolids created an unbalanced 
statistical design, therefore the yield and nutritive value results from these treatments 
were not included in the analysis. 
Main and simple effects and any interactions were considered significant at P 
<0.05.  When the effect or interaction was significant, means were separated by 
LSMEANS (a=0.05). The variability of this trial across several sites with different soil 
types and different previous management schemes required analysis within individual 
sites. 
Project samples were ground through a UDY Cyclone grinder to a 1 mm grind 
size.  Samples were then analyzed with as Foss 6500 Near Infra-red Spectrometer 
utilizing an existing switchgrass equation that was calibrated for local conditions with 
switchgrass samples collected over several years.  Subsequently, a subset of samples (216 
of the 1080 total samples) was analyzed for NDF and ADF with an ANKOM F200 Fiber 
Analyzer (Macedon, NY).  ADF and NDF were determined using the filter bag method 
described in (Vogel et al., 1999). These samples were also analyzed for nitrogen 
concentration using a LECO FP-528 nitrogen analyzer (St. Joseph, MI).  Once these 
procedures were completed the equation was entered into the NIRS which then validated 
NIRS calibration and predict the values in other the other samples. 
 
Table 3.5. Statistical data for NIRS calibration 
  CP ADF NDF 
r2 0.968 0.973 0.948 
SEP 0.673 1.301 1.327 
SED 0.863 1.3 1.3 
Global H 1.326 1.323 1.323 
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Chapter IV: Results and Discussion 
 
This experiment was conducted as an “on-farm trial” to achieve results that 
farmers could expect when growing switchgrass as a forage or biomass crop.   In the 
initiation process, three farms (with distinct soil types) were selected in separate counties 
where ‘Kanlow’ switchgrass had been previously planted in 2008.  At each site, a 
uniform area within the switchgrass field was identified for the purpose of this study.  
Stand populations within the experimental area were uniform with occasional small areas 
that did not have complete “cover”.  
 
4.1 Weather Data 
 
   The weather during 2010 was typical of central Kentucky with temperatures 
within 1oC of the long term average at all sites. Precipitation was near average with the 
exception of Nicholas County where annual precipitation was 40 cm below normal.  
Drought conditions from mid-August to mid-November were the main reason for the 
below average annual precipitation in 2010 in Nicholas County.  This lower fall 
precipitation had minimal effect on switchgrass yield because the plants had already 
reached maximum growth and full panicle elongation prior to the onset of the drought.  
The limited fall growth in this research was similar to another study in Kentucky with 
‘Alamo’ and ‘Cave-In-Rock’ switchgrass (Sena et al., 2011). Environmental conditions 
in 2011 were characterized by much higher than average precipitation and a higher than 
average temperature at all sites (Figures 4.1 and 4.2). 
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Figure 4.1. Average (1980-2010) annual temperature and average temperature for 2010 
and 2011 growing seasons for all three experimental sites. 
*Data is composite of Nicholas County and Harrison County data due to missing data in 
Nicholas County 
 
 
Figure 4.2. Average (1980-2010) annual precipitation and average precipitation for 2010 
and 2011 growing seasons for all three experimental sites. 
*Data is composite of Nicholas County and Harrison County data due to missing data in 
Nicholas County 
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4.2 Yield for Biomass 
 
Analysis for yield showed a site by harvest interaction, therefore results were 
separated by sites (Figures 4.3, 4.4 and 4.5).   Across all sites there was a significant 
harvest response.  Biomass yield in November of 2010 was higher than the overwintered 
spring harvest of 2011 at the Campbell and Rowan sites but not at the Nicholas site. 
There was no fertility treatment response for biomass yield at the Nicholas and Rowan 
sites but there was a significant treatment response in Campbell County (Figure 4.7).   
 
 
Figure 4.3. Campbell County switchgrass yield response (DM tonnes ha-1) for November 
and March harvests in 2010/11 and 2011/12 
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Figure 4.4. Nicholas County switchgrass yield response (DM tonnes ha-1) for November 
and March harvests in 2010/11 and 2011/12 
 
 
 
Figure 4.5. Rowan County switchgrass yield response (DM tonnes ha-1) for November 
and March harvests in 2010/11 and 2011/12 
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Figure 4.6. Switchgrass yield response (DM tonnes ha-1) for Campbell, Nicholas and 
Rowan Counties for November and March harvests in 2010/11 and 2011/12.  
 
 
In November of 2011, biomass yield was higher at all sites in comparison to 
spring of 2012 at 19.5, 17.8 and 14.0 DM tonnes ha-1 at the Campbell, Rowan and 
Nicholas County sites respectively.  The high November 2011 yields can be attributed to 
several factors including above average rainfall that season, it was the second year of the 
study and there may have been potential carryover on the organic nitrogen from the 
composted chicken litter and biosolids treatments.  Overall, fall biomass yield was higher 
than the spring yield within a growing season with the exception of Nicholas County in 
2010.  The decreased biomass yields for the spring harvests were expected because of the 
impact of overwintering, especially the loss of leaf material. Adler et al. (2006) observed 
decreased spring harvest mass due to decreased standing tiller weight. The generally 
lower biomass yield in Nicholas County can be attributed to poorer soil conditions at that 
site.  The land was cleared of timber immediately prior to the initial switchgrass planting 
and the water pH remained below 5.0 during the entire study (Table 4.2, 4.3 and 4.4). 
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The differences in biomass yield between the fall and spring harvests shown from 
this study has significant implications for Kentucky producers.  The reduction in yield by 
waiting to harvest in the spring versus the fall could mean the difference between profit 
and loss for some farmers.  For example, biomass decreased by 7.7 MT ha-1 in Rowan 
County between the fall harvest of 2011 and the final spring harvest in 2012.  An 
advantage of spring harvest was shown by the significant decrease in the concentration of 
elements such as potassium and chlorine from fall to spring (Robuck and Smith, 2014) 
These elements are known to be corrosive to boilers and their concentration is a major 
concern to power plants that seek to co-fire the switchgrass with coal (Zheng et al., 
2007). Harvesting in the spring would have an added benefit for soil nutrient status.  
Leaching of essential macronutrients such as potassium from the switchgrass plant 
material into the soil profile will likely reduce fertilizer recommendations.  For example, 
(Robuck and Smith, 2014) showed that potassium concentrations in the plant declined 
from 0.4 to <0.1% from fall to spring harvests. This results in a potassium fertilizer 
savings of 20 kg K ha-1.   
Farmers will need to take into account many factors before deciding whether to 
harvest switchgrass in the fall or spring.  For example, if the crop is valued at $66/MT 
(Halich and Smith, 2010), then a fall harvest could mean an additional $508 ha-1 to the 
farmer in comparison to a spring harvest.  If the power plant prefers the biomass 
harvested in the spring because of the reduction in Cl and K, then some type of premium 
will probably need to be paid to the farmer to offset the loss in yield.   Other 
considerations for timing of switchgrass harvests include the farm workload between fall 
and spring and soil moisture conditions.  In Kentucky, fall conditions are usually drier 
which would facilitate harvest, especially for fields with significant topography 
challenges.  
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The positive treatment response in Campbell County indicated the benefit of 
increased N applications for increased biomass yield but only urea showed a significant 
difference between rates.  Interestingly, these results show that there was no benefit of 
urea rates higher than 67 kg N ha-1.  Lemus et al. (2008) also observed no response to 
increasing nitrogen applications in a first year study looking at nitrogen use dynamics. 
There was no significant treatment response of the chicken litter or biosolids at the P > 
0.05. 
The significant urea response was likely due to its availability for plant uptake 
while the organic forms of N require time to breakdown and move into the soil profile for 
plant uptake.  The N rate used for the chicken litter and the biosolids was based on total 
N and did not take into consideration organically bound N.  
 
4.3 Yield for Quality Forage 
 
Harvests were conducted in both June of 2010 and 2011 to assess the nutritive 
value of the switchgrass if it were to be harvested by grazing or cutting for hay.  These 
quality assessments also provide a useful indicator of important parameters of biomass 
quality.  Dry matter yield was not recorded during these harvests to avoid stand damage 
that would have impaired the more important biomass yield measurements in the fall and 
the spring.  
Analyses for CP, ADF and NDF showed a site by harvest interaction.  Therefore 
all results are shown on an individual site basis.  The only significant treatment effect was 
for CP at the Campbell County site. 
 
4.4 Crude Protein (CP) Response 
 
The CP for June 2010 and 2011 harvests ranged from 8.0 to 8.9% indicating that 
the switchgrass growing in these fields would have provided an adequate maintenance 
ration as hay or pastures for dry beef (NRC, 2000) (Table 5.1).  Since CP is calculated as 
6.25 times the N content this plant material ranged from 1.28 to 1.42 %N.  If this material 
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was harvested as biomass fuel for renewable energy production, nitrous oxide emissions 
may be above allowable EPA levels.  In work with miscanthus (Miscanthus X giganteus), 
Lewandowski and Kicherer (1997) stated that the N contained in the biomass is mainly 
responsible for the NOx- emissions of the combustion system.  They also reported that 
different combustion technologies such as stage combustion and steam gas recirculation 
can reduce the NOx emissions significantly. 
Harvests in November showed higher CP levels than in March for Rowan County 
in 2010 and Campbell and Nicholas in 2011 likely due to overwintering and the resultant 
leaf loss that occurred (Table 4.1).  Soluble CP would have leached from the stems and 
remaining leaves during this 4 month overwintering period.  It was surprising that there 
were not greater differences in CP over winter.  Regardless, the low CP levels across all 
sites both years (ranging from 0.7 to 1.5%) shows that season long switchgrass biomass 
production does not produce forage with adequate CP for any class of livestock.  
The decreased CP levels from the fall to spring harvest would be advantageous to 
the power plants because any reduction in N is beneficial both in the combustion process 
and the release of NOx.  Although there are multiple advantages and disadvantages of a 
late fall versus spring switch grass harvest, these results suggest that CP is not as 
important a consideration. 
Table 4.1. Crude protein for six switchgrass harvests over two seasons (2010/11 and 
2011/12) from 3 farms in separate counties in northeastern Kentucky. 
  Campbell Nicholas Rowan 
Harvests -----------------------------------% DM----------------------------------- 
Jun-10 8.1B 8.1B 8.0A 
Nov-10 0.8C,D 1.0D 1.4C 
Mar-11 0.9C 1.0D 1.2D 
Jun-11  8.7A† 8.9A 8.0A 
Nov-11 0.9C 1.5C 1.7B 
Mar-12 0.7D 1.0D 1.7B 
† Numbers within a column followed by matching letters do not differ at P<0.05 
 
There was a treatment effect for CP at the Campbell County site across both years 
and harvests but not at the other two sites.   Using urea as the N source, application rates 
of 67, 100 and 134 kg N ha-1 all produced higher CP levels than the control (Figure 4.8).  
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There was also a response for chicken litter at the 100 and 134 kg ha-1 equivalent rates 
but only at the 134 kg N ha-1 equivalent rate for biosolids. The highest CP levels were at 
the 134 kg N ha-1 as urea, higher than all treatments with the exception of urea at the 100 
kg N ha-1.  These results suggest that CP is higher when urea applications exceed 67 kg N 
ha-1 but that of organic derived N source require applications above 100 kg N ha-1 before 
there is a crude protein response. The results for CP are similar to the results for biomass 
yield at increasing rates of N as area except that biomass yield plateaued at 67 kg N ha-1.   
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4.5 Acid Detergent Fiber (ADF) Response. 
 
There was a harvest by site interaction, therefore ADF values are shown 
separately by site (Table 4.2). 
Table 4.2 ADF for six switchgrass harvests over two seasons (2010/11 and 2011/12) 
from 3 farms in separate counties in northeastern Kentucky. 
  Campbell Nicholas Rowan 
Harvests -----------------------------------% ADF---------------------------------- 
Jun-10 35.9B 33.6B 36.0B 
Nov-10 49.6D 48.8C 48.6C 
Mar-11 50.0D 49.0C 50.0E 
Jun-11 33.0A† 33.0A 33.7A 
Nov-11 47.6C 49.1C 49.0D 
Mar-12 49.9D 50.9D 51.1F 
† - Values within a column followed by the same letter are not different at P<0.05 
 
Acid detergent fiber (ADF) is the residue remaining after incubating a forage 
sample in an acid detergent solution. The fiber fraction contains cellulose, lignin, and 
silica but not hemicellulose.  This forage quality component provides a good predictor of 
forage digestibility in livestock.  Lower ADF levels indicate higher forage digestibility 
because there is less fiber to be broken down by the rumen microbes.   
  This research study showed that ADF was much lower for the June harvest in 
comparison to the November and March harvests (averages 12 to 16% lower) at all sites 
and both years.  ADF levels increased with each successive harvest (June to November to 
March) at all sites and both years with the exception of the November to March harvest at 
Campbell County and Rowan County over the 2010/2011 harvest season.  Although the 
increase in ADF between November and March was small (averaged less than 2%) it was 
still significant at the P <0.05 level.   
 These results have important implications for nutritive value and biomass yield.  
The ADF levels in June (ranging from 33 to 36%) suggest that switchgrass harvested at 
this stage of maturity may provide an adequate complete feed source for dry beef cows 
and for stockers (NRC, 2000).  For stockers, some protein will be required for maximum 
production but these ADF levels show adequate energy levels for most classes of 
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ruminant livestock. Ball et al. (2007) report that cool season grass species such as tall 
fescue, orchardgrass and timothy cut at an early stage have ADF levels ranging from 31 
to 35% which are approximate to June harvest of switchgrass. 
 Not surprisingly, ADF levels were much higher for switchgrass biomass at a late 
stage of maturity.  These ADF levels in November and March were not adequate for any 
class of ruminant livestock unless processed in a tub grinder and used a fiber source in a 
total mixed ration (TMR). 
Vogel et al. (2011) attempted to correlate ethanol yields using NIRS and 
measured ADF along with many other parameters in the work.  ADF may provide a 
measurement or predictor of energy value for ethanol or other liquid fuels since the 
breakdown of cellulose and other sugars provides the substrate for alcohol fermentation.  
Further research to determine the relationship between ADF and alcohol production is 
needed and also work on the amount of lignification that will influence cellulose 
availability.  
 
4.6 Neutral Detergent Fiber (NDF) Response. 
 
There was a harvest by site interaction therefore NDF values are shown separately 
by site (Table 4.3). 
Table 4.3 NDF for six switchgrass harvests over two seasons (2010/11 and 2011/12) 
from 3 farms in separate counties in northeastern Kentucky 
  Campbell Nicholas Rowan 
Harvests -------------------------------------% NDF------------------------------- 
Jun-10 66.7B 64.5B 65.4B 
Nov-10 74.0C 74.0C 74.6C 
Mar-11 76.1E 75.5D 77.0E 
Jun-11  64.2A† 63.9A 64.3A 
Nov-11 74.9D 75.6D 76.2D 
Mar-12 77.0F 77.9E 78.6F 
† - Values within a column followed by the same letter are not different at P<0.05 
 
Neutral detergent fiber (NDF) is the residue remaining after boiling a forage 
sample in a neutral detergent solution.  The fiber fraction of the residue represents the 
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indigestible and slowly digestible components of the cell wall containing cellulose, 
hemicellulose lignin and ash.  The forage nutritive value component can be a predictor of 
forage intake in ruminant livestock. The lower the NDF levels the higher the potential for 
forage intake because there is a lower fiber fraction to be broken down by the rumen 
fluid.  On the other hand, higher NDF levels indicate a lower intake capacity because the 
material takes longer to be broken down and that does not allow for passage of the 
material through the complex ruminant stomach.   
 This experiment showed that NDF was much lower for the June harvests in 
comparison to the November and March harvests (averages 10 to 14% lower) at all sites 
and both years. NDF levels increased with each successive harvest (June to November to 
March) at all sites and both years.  Although the increase in NDF between the November 
and March harvests was small (averaging less than 2%), it was still significant at the 
P<0.05 level.   
 These results can have profound implications for forage nutritive value and 
biomass yield.  The NDF levels in June (ranging from 63.9 to 66.7%) suggest that 
switchgrass harvested at this stage of maturity can provide an adequate feed source for 
dry beef cows or for stocker animals (NRC, 2000).  Stockers would need the addition of 
some protein in their diet for maximum production but these levels of NDF show 
adequate energy levels for most classes of ruminant livestock.   
 Similarly with ADF, NDF levels were much higher for switchgrass biomass at a 
late stage of maturity.  These levels in November and March were not sufficient for any 
class of ruminant livestock unless processed in a tub grinder and used primarily as a fiber 
source in a total mixed ration (NRC, 2000). 
 Some research is attempting to correlate NDF levels and biomass energy levels 
for combustion but the results are still very limited.  Lewandowski and Kicherer (1997) 
stated that the higher the lignin content of a biomass the better its heating value.  
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Chapter V: Conclusion 
 
The results of this experiment confirmed that farmers need to be steadfast in the 
management of warm season native grasses, such as switchgrass, if they want to produce 
yields large enough to generate a profit as a renewable energy crop or if they want to 
manage the crop as a forage crop for pasture or hay.  The results of this study were not as 
conclusive as expected since there was no treatment effect on yield or CP (other than in 
Campbell County). The results did suggest that further research should be conducted on 
the potential benefit of organic or inorganic forms of N for switchgrass biomass 
production.  If the trial were to be repeated, it would be good to include a check for each 
type of N source and it would be good to eliminate the single treatment of 134 kg N ha-1 
as opposed to the treatment in both growing seasons.    
Increased fertility levels from 0 to 134 kg N ha-1 yielded more biomass at the 
Campbell County site, but only for the urea rates above 67 kg N ha-1.  The yield for the 
November 2011 harvest was higher than the other biomass harvests at all three sites.  
Contributing factors for this higher yield were increased rainfall for the 2011 growing 
season and it was the second year of the study with the fertility treatments applied on the 
same plots both years.  The organic sources of nitrogen would have provided carryover 
nitrogen from 2010 to 2011.  Zhang et al. (2013) calculates that 25 to 50% of surface N is 
available in the year of application. Based on these yield results, farmers would be better 
off to harvest in the fall of the year versus the next spring. The exception would be if 
power plants offset reduced yield with a premium for a reduction in N, K, and Cl content 
of the material.     
Crude protein levels were at the highest levels with the June harvests (CP levels 
ranged from 8.0 to 8.9%).  Levels were sufficient for dry beef cows either as a grazing 
crop or as a hay crop.  ADF and NDF levels were at their lowest levels with the June 
harvests.  These numbers support the use of this material as feed for dry beef cows.  The 
November and March lower CP and higher ADF and NDF show that end of the season 
switchgrass harvests are only suitable for biomass (e.g. liquid fuels or co-firing). 
While results did not show significant differences in yield and nutritive value 
when using composted chicken litter and processed biosolids, they remain a viable option 
41 
 
for famers to use as fertility treatments when growing switchgrass for biomass or as 
forage.  According to the (American Meat Institute, 2009) chicken consumption rose 
from 18.23 kg per person in 1970 to 39.23 kg per person in 2007.  That coupled with the 
ever increasing world population and its corresponding increase in sewage sludge 
(biosolids) ensures that those types of fertility amendments will be available to farmers 
(depending on transportation and processing, etc.).  
A final conclusion is that switchgrass managed correctly is a very versatile and 
multi-use crop.  Farmers that wish to plant and use switchgrass have multiple options 
when it comes to utilizing and marketing this plant including forage and biomass.  Other 
potential uses for harvested switchgrass material include use as a potential bedding 
material for dairy animals, as green chop source of fiber for dairy animals, as a hydro 
seeding mulch or as a floral adornment in bouquets. 
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Chapter VI: Future Work Needed 
 
This study confirmed that increased N levels can increase yield.  However, the 
overall lack of treatment effects suggest that other factors such as lower than 
recommended pH levels at both Campbell and Rowan Counties and very low calcium 
levels in Rowan County may have contributed to the lack of treatment interaction for 
both yield and nutritive value in those two counties.  The review of literature for this 
study found limited research on these growth parameters and switchgrass growth.   
Another possibility for the lack of treatment effects might be that switchgrass has 
the ability to either store N in its root system, the ability to mineralize nitrogen from the 
soil and soil organic matter, or facilitate N fixation through free living soil bacteria.  
Another possibility could be the enormous and deep root system of switchgrass. These 
results support the continuation of  Debolt et al. (2009) research on the effect of  bacteria 
residing within the rhizosphere which correspondingly improved mineralization rates.  
Continued research also needs to be conducted on switchgrass’ ability to build 
organic matter in the soil (SOM).  During the study SOM trended higher from the initial 
sampling in the spring of 2010 and the spring of 2011. Interestingly, SOM samples in the 
spring of 2012 were slightly lower than 2011.  The fact that these numbers do not trend in 
one direction suggest that more work should be done in this area.   
While this study showed  higher yields in the fall when compared to spring,  it 
also showed  that levels of antiquality factors such as Cl and K were lower in the spring 
harvest (Robuck and Smith, 2014).  In the future it will be important to survey power 
plants to determine what premiums, if any, they would be willing to pay for switchgrass 
with lower levels of antiquality components.   
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Appendices 
 
Appendix A: Plot plans for each experimental site 
Campbell County plot plan 
 
Nicholas County plot plan 
 
Rowan County plot plan 
Block 1 2 3 4 
 
Block 1 2 3 4 
 
Block 1 2 3 4 
Tr
ea
tm
en
t #
* 
13 13 3 12 
 
Tr
ea
tm
en
t #
* 
2 4 1 9 
 
Tr
ea
tm
en
t #
* 
15 12 3 2 
6 9 5 11 
 
15 3 8 3 
 
11 5 13 15 
4 7 2 9 
 
11 5 3 1 
 
14 10 1 9 
12 2 12 8 
 
3 15 5 12 
 
2 7 12 6 
15 5 14 5 
 
12 9 14 14 
 
12 3 8 13 
3 3 1 7 
 
14 11 9 11 
 
8 9 5 10 
7 8 13 10 
 
6 8 2 15 
 
7 13 14 11 
5 14 8 14 
 
13 13 7 10 
 
5 1 9 7 
2 6 9 2 
 
10 12 11 7 
 
3 15 6 12 
1 10 7 6 
 
5 7 15 2 
 
10 2 10 4 
10 15 15 1 
 
9 10 10 6 
 
13 4 4 1 
14 11 10 13 
 
7 1 12 8 
 
1 11 11 14 
8 12 6 3 
 
8 6 6 13 
 
6 14 7 3 
11 4 11 15 
 
1 2 4 5 
 
4 8 2 8 
9 1 4 4 
 
4 14 13 4 
 
9 6 15 5 
* treatment numbers correspond to list of treatments in Appendix B 
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Appendix B. Actual mass of fertilizers applied by treatment number. 
Treatment 
# N-source Phosphorous Potassium 
 
-----------------------g (fertilizer form)------------------- 
1 - - - 
2 49.03 (46-0-0) 5.45 (0-44-0) 10.90 (0-0-60) 
3 98.06 (46-0-0) 10.90 (0-44-0) 21.80 (0-0-60) 
4 147.1 (46-0-0) 16.43 (0-44-0) 32.69 (0-0-60) 
5 196.12 (46-0-0) 21.8 (0-44-0) 43.60 (0-0-60) 
6 1,043 (poultry litter) - - 
7 2,086 (poultry litter) - - 
8 3,129 (poultry litter) - - 
9 5,987 (poultry litter) - - 
10 5,987 (poultry litter) - - 
11 340.5 (Louisville Green) 18.16 (0-44-0) 10.9 (0-0-60) 
12 681 (Louisville Green) 36.32 (0-44-0) 21.8 (0-0-60) 
13 1021.5 (Louisville Green) 54.48 (0-44-0) 32.86 (0-0-60) 
14 1362 (Louisville Green) 72.64 (0-44-0) 43.58 (0-0-60) 
15 1362 (Louisville Green) 72.64 (0-44-0) 43.58 (0-0-60) 
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Appendix J: CP mean for two years 
 
Appendix K: ADF mean for two years 
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Appendix L: NDF mean for two years 
 
 
Appendix M: Precipitation and temperature for each county for 2010, 
2011 and average. 
  Precipitation Temperature 
  Average 2010 2011 Average 2010 2011 
 
------------(cm)------------ -------------oC------------ 
Campbell 111.78 105.7 165.38 12.33 12.94 13.05 
Nicholas* 109.83 71.63 151.81 12.61 12.16 13.05 
Rowan 117.35 118.52 161.82 12.22 12.28 12.89 
* Contains data from Nicholas and Harrison County due to missing 
data 
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Appendix N: Ariel photographs of 
each harvest site in Campbell (upper 
left), Nicholas (upper right) and 
Rowan (lower) Counties. 
 
 
Appendix O: Map of Kentucky Counties.  Counties where switchgrass was harvested are 
marked in red. 
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